aBStr act. As the ocean becomes more acidic, low-frequency (~ 1-3 kHz and below) sound travels much farther due to changes in the amounts of pH-dependent species such as dissolved borate and carbonate ions, which absorb acoustic waves. The effect is quite large; a decline in pH of only 0.3 causes a 40% decrease in the intrinsic sound absorption properties of surface seawater. Because acoustic properties are measured on a logarithmic scale, and neglecting other losses, sound at frequencies important for marine mammals and for naval and industrial interests will travel some 70% farther with the ocean pH change expected from a doubling of CO 2 . This change will occur in surface ocean waters by mid century. The military and environmental consequences of these changes have yet to be fully evaluated. The physical basis for this effect is well known: if a sound wave encounters a charged molecule such as a borate ion that can be "squeezed" into a lower-volume state, a resonance can occur so that sound energy is lost, after which the molecule returns to its normal state. Ocean acousticians recognized this pH-sound linkage in the early 1970s, but the connection to global change and environmental science is in its infancy. Changes in pH in the deep sound channel will be large, and very-low-frequency sound originating there can travel far. In practice, it is the frequency range of ~ 300 Hz-10 kHz and the distance range of ~ 200-900 km that are of interest here.
this absorbing component showed strong interocean and regional differences; the Pacific was far more transparent to lowfrequency sound (i.e., sound could travel farther) than the Atlantic (Mellen and Browning, 1976) . From exploring simple correlations with hydrographic data, it was soon realized that the changing lowfrequency effect was associated with the intensity of the oxygen/pH minimum in the ocean water column. Yeager et al. (1973) hypothesized a pH connection that Fisher and Simmons (1977) (Garland et al., 1973; Mellen et al., 1979; Fisher, 1979) , probably a carbonate ion, extending pH-dependent effects out to about 3 kHz.
The exact mechanism for how the borate ion absorbs sound is still unknown, but it is clear that the B(OH) 4 -species is the primary active agent. 
predictiNG the eFFect OF OceaN acidiFicatiON
Ocean acidification is now proceeding apace caused not only by fossil fuel CO 2 invasion from the surface but also by the rapid emergence of an increased The ph effects associated with the boric acid term begin to be significant at about 10 khz and below. From Ainslie and McColm (1998) Peter G. Brewer (brpe@mbari.org however, the fields used were so coarse, and enormous gaps in documentation exist, so that very basic questions now respiratory CO 2 signal at depth, which also reduces pH (Hester et al., 2008) . (1968) (1969) (1970) (1971) (1972) (1973) (1974) (1975) (1976) (1977) (1978) . ttO: transient tracers in the Ocean (1981) (1982) (1983) . JGOFS: Joint Global Ocean Flux Study (1987 ( -2003 ( [uS JGOFS continued to 2005 Hester et al. (2008) arise as we begin to deal with changing ocean pH in a high-CO 2 world.
The question of how and why this disconnect between two important ocean science communities arose and persisted for so long is of interest. Although no published record exists, it is possible to piece together a credible account.
diScOrd iN the uS OceaN cOMMuNity
At the very same time that acousticians were uncovering the 1-kHz sound absorption anomaly (Thorp, 1965 (Thorp, , 1967 and its relationship to pH/borate (Yeager et al., 1973) (Lovett, 1975) .
The experiments were not connected and the teams had little or no awareness of each other's work.
There were good reasons for this split: so. And while it was a temporary convenience, the use of these data has had long-lasting repercussions.
Though not specified, the pH scale used in the Gorshkov atlas was probably based on the US National Bureau of (1975) . Also of concern is the accuracy with which future changes can be predicted (Figure 3 ; Hester et al., 2008) as we move into a high-CO 2 world far removed from the Gorshkov atlas and data sets and correlations taken almost a half century ago.
It is unclear what segment of the oceanic water column the single pH values (Francois and Garrison, 1982) associated with early sound absorption experiments in the acoustic literature refer to, but it is most likely the value at the sound speed minimum. Typically, ocean sound ray paths are bent in folded, concertina-type wave forms formed by the sound channel and thus "sample" a vertically integrated section of the ocean water column over hundreds of kilometers. It is possible to recognize the ray traveling at the sound speed minimum and also other paths taken that integrate greater depth zones.
The unknown chemical species that appears as a third term in fitting data to models is of some concern because the exact species is not known. Because the CO 3 2-ion is the most likely candidate, the effect of pH change could be large.
the SituatiON tOday The second challenge will be to investigate the fit of the revised pH-borateacoustic data to the likelihood of an "unknown" term (Garland et al., 1973; Fisher, 1979 ) that has been ascribed to both carbonate and bicarbonate ionsthese ions will have opposite effects because bicarbonate will increase and carbonate will decrease in our future ocean. Which is correct?
A third task will be to seriously engage the environmental community, which has become a potent force on 
